IMPORTANCE Most studies of US dietary trends have evaluated major macronutrients or only a few dietary factors. Understanding trends in summary measures of diet quality for multiple individual foods and nutrients, and the corresponding disparities among population subgroups, is crucial to identify challenges and opportunities to improve dietary intake for all US adults.
Methods

Data Source, Study Population, and Dietary Assessment
This investigation used data from US adults aged 20 years or older completing at least 1 valid 24-hour diet recall, as determined by National Center for Health Statistics (NCHS) criteria, during 7 cycles of NHANES from 1999-2000 through 2011-2012. The average response rate during these cycles was 73.6% (range: 78.3% in 2001-2002 to 67.4% in 2011-2012). All examined participants were eligible for dietary assessment, consisting of 1 or 2 dietary recalls in which respondents reported all foods and beverages consumed during the previous 24 hours (midnight to midnight).
The protocol and data collection methods are fully documented. 9 The NHANES interviewers and diet recall participants were monitored with established criteria to evaluate data acceptability. Dietary data from the first recall was used for individuals with a single recall and 2-day means for those with 2 recalls. Group means of either a single recall or multiple recalls provide unbiased estimates of population and stratum means. 10 Race/ethnicity was reported by participants using categories provided by the NCHS. NHANES was approved by the NCHS ethics review board, and all participants provided written informed consent.
AHA Diet Score
As a summary indicator, a diet score was constructed based on the AHA 2020 Strategic Impact Goals for diet, which have been associated with cardiovascular and metabolic outcomes in multiple populations. 11 The 5 primary dietary components were total consumption of fruits and vegetables, fish and shellfish, sodium, sugar-sweetened beverages, and whole grains (eTable 1 in the Supplement). The 3 secondary dietary components were nuts, seeds, and legumes; processed meat; and saturated fat. To best assess changes, a new continuous score was constructed by summing across all components (the eText provides more details). Based on the AHA 2020 Goals, the proportions of US adults with a poor diet (defined as a score of <20 [of 50 possible points] for the primary score or <40% adherence), an intermediate diet (score of 20-39.9 or 40%-79.9% adherence), or an ideal diet (score of ≥40 or ≥80% adherence) were estimated.
Food Groups and Nutrients
In addition to the AHA 2020 Goals, we evaluated individual foods and nutrients linked to major health outcomes as well as those of current policy or general public interest (eTable 2 in the Supplement provides examples and serving sizes). [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The USDA Food Patterns Equivalents Database and the MyPyramid Equivalents Database, 22, 23 which disaggregate mixed foods into their component parts, were used to measure changes in consumption of particular food groups. Food groups (eg, vegetables) were further disaggregated to elucidate within-category trends (eg, dark green vegetables vs potatoes). Nutrients were derived from cycle-specific versions of the USDA Food and Nutrient Database for Dietary Studies. 24 Intake of all dietary components was energy-adjusted using the residual method 10 to evaluate trends independent of the small declines in energy intake during this period, 25 which could relate to nondietary changes, such as physical activity, and to minimize measurement error in dietary estimates. 10 
Population Subgroups
To evaluate key population subgroups, findings were stratified by age group (20-34 years, 35-49 years, 50-64 years, ≥65 years), sex, race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American), education level (<high school graduate, high school graduate or general equivalency diploma, some college, ≥college), and ratio of family income to the federal poverty level (<1.30, 1.30-1.84, 1.85-2.99, and ≥3.00). Trends in diet for the other Hispanic and the other race or mixed race group are not presented in the race/ ethnicity-stratified results due to their small sample sizes. Race/ethnicity-specific results are presented for Mexican American individuals as opposed to all Hispanic individuals due to changes in participant sampling over time.
foods and nutrients was estimated for each NHANES cycle. To calculate the AHA diet score and also place the results within the context of dietary recommendations, the proportion of US adults meeting specific cut points for the components of the AHA diet score was estimated. The proportion meeting the guideline recommendations for other foods and nutrients was estimated using the 2015 Dietary Guidelines for Americans and Dietary Reference Intakes. 11, 21, 26, 27 These analyses of proportions used the established National Cancer Institute method to estimate the percentage of the population at a specified cut point (details appear in the Supplement). [28] [29] [30] Because such methods are based not on stratum means but on distributions of dietary intake above or below a certain threshold, which are not comparable from single vs multiple diet recalls, the analyses of proportions and corresponding AHA diet scores were restricted to participants with 2 nonconsecutive 24-hour recalls (2003 onward). To account for the NHANES complex sampling design, first-day survey weights were used for the analyses of individual foods and nutrients, and 2-day survey weights were used for AHA diet scores.
The statistical significance of trends was assessed by treating survey year as a continuous variable in a survey-weighted linear regression model. To assess statistical heterogeneity of trends by subgroups, a survey-weighted Wald test was used to test for an interaction term between year and categorical variables (age, sex, race/ethnicity) or ordinal variables (income level, education level).
To assess whether observed trends were driven by demographic shifts, sensitivity analyses were adjusted for age and race/ethnicity within each cycle and statistically significant trend coefficients were evaluated before and after adjustment to quantify the percentage change in the coefficient. Stata version 13.1 (StataCorp) and SAS version 9.3 (SAS Institute Inc) were used for all statistical analyses. A 2-sided α level of .05 was used to assess significance. All trends described as increasing, decreasing, or with similar terminology were statistically significant (P < .05 for trend). No adjustments were made for multiple comparisons.
Results
Among 33 932 US adults, the average response rate was 73.6% (range: 78.3% in 2001-2002 to 67.4% in 2011-2012). This included 11 721 with a single dietary recall and 22 211 with 2 recalls. Over time, the proportion of older adults increased and the proportion of younger adults decreased ( Table 1 ). The proportion of non-Hispanic white individuals slightly declined (70.6% in 1999-2000 to 66.6% in 2011-2012), whereas the percentage of some other races/ethnicities increased. Educational attainment also increased, with the proportion of adults having a college degree increasing from 21.7% in 1999-2000 to 31.0% in 2011-2012.
Trends in Diet
Trends for the AHA diet scores and other key foods and nutrients appear in Table 2 , Figure 1 , and Table 3 . Diets improved overall based on the evaluation of both the primary and secondary AHA score. The mean primary AHA score increased from 19.0 in 2003-2004 to 21.2 in 2011-2012 (an improvement of 11.6%) and the mean secondary AHA score increased from 35.1 in 2003-2004 to 38.5 in 2011-2012 (an improvement of 9.7%). Based on the primary score, the estimated proportion of US adults with poor dietary quality (<40% adherence or <20 points) changed from 55.9% (95% CI, 51.5%-60.2%) in 2003-2004 to 45.6% (95% CI, 41.6%-49.7% in 2011-2012; P < .001 for trend); intermediate (40%-79.9% adherence or 20-39.9 points) from 43.5% (95% CI, 39.3%-47.8%) to 52.9% (95% CI, 48.9%-56.8%; P < .001 for trend); and ideal (≥80% adherence or ≥40 points) from 0.7% (95% CI, 0.5%-1.0%) to 1.5% (95% CI, 0.9%-2.4%; P = .003 for trend) ( Table 3 and eFigure 1 in the Supplement).
Among the individual components of the diet score, the largest changes were found in consumption of sugarsweetened beverages (between 1999-2000 and 2011-2012, −0.49 servings/d; 95% CI, −0.70 to −0.28 servings/d); whole grains (0.43 servings/d; 95% CI, 0.34 to 0.53 servings/d); and nuts, seeds, and legumes (0.26 servings/d; 95% CI, 0.18 to 0.34 servings/d). Intake of total fruits and vegetables did not significantly change. Intake of processed meat, saturated fat, and sodium also did not significantly change; however, consumption of fish and shellfish slightly increased.
Among subcomponents of these food groups ( Table 2 and eFigures 2-4 in the Supplement), consumption of whole fruit increased by 0.15 servings/d (95% CI, 0.05 to 0.26 servings/d), whereas it decreased by 0.11 servings/d (95% CI, 0.04 to 0.18 servings/d) for 100% fruit juice. Consumption of white potatoes decreased by 0.07 servings/d (95% CI, 0.02 to 0.11 servings/d). After excluding starchy vegetables (eg, potatoes, corn, and peas), there was no significant change in vegetable consumption (0.10 servings/d; 95% CI, −0.02 to 0.23 servings/d). Declines in sugar-sweetened beverages were largely due to decreased intake of soda and, to a lesser extent, fruit drinks (eFigure 4). Intake of presweetened iced tea did not significantly change, whereas intake of sports and energy drinks increased.
In addition, legume consumption did not significantly change, whereas increases in nuts or seeds were attributable to increased consumption of tree nuts or seeds (0.16 servings/d; 95% CI, 0.12-0.20 servings/d) and peanut butter (0.06 servings/d; 95% CI, 0.04-0.09 servings/d). Increases in consumption of whole grains were largely driven by increases in whole-grain bread (0.24 servings/d; 95% CI, 0.19-0.29 servings/d) and other whole-grain foods such as pasta and crackers (0.11 servings/d; 95% CI, 0.09-0.13 servings/d).
Among foods and nutrients not included in the AHA diet score (eTable 3 in the Supplement), unprocessed red meat consumption was stable, whereas poultry slightly increased. Total dairy was stable, but with heterogeneity by subclass: milk decreased by 0.19 servings/d (95% CI, 0.11-0.28 servings/d), whereas cheese increased by 0.15 (95% CI, 0.09-0.20 servings/d) as well as yogurt by 0.03 servings/d (95% CI, 0.01-0.04 servings/d). Intake of added sugars decreased by 4.4 tsp/d (95% CI, 2.9-6.0 tsp/d). . Intake of polyunsaturated fat increased by 1.1% of energy (95% CI, 0.9%-1.3% of energy), whereas monounsaturated fat intake declined by 1.5% of energy (95% CI, 0.4%-2.7% of energy). Protein intake increased by 0.5% of energy (95% CI, 0.2%-0.8% of energy), whereas carbohydrate intake decreased by 1.6% of energy (95% CI, 0.7%-2.5% of energy). There was no significant trend for intake of seafood omega-3 fat; however, intake of plant omega-3 fat increased by 23.4 mg/d (95% CI, 18.4-28.3 mg/d). Increased intake was also observed for dietary fiber (2.5 g/d; 95% CI, 1.7-3.3 g/d) and calcium (158 mg/d; 95% CI, 123-193 mg/d). Similar to sodium, intake of potassium varied modestly during these years but was relatively unchanged overall comparing 1999-2000 with 2011-2012.
Estimated Proportions of US Adults Meeting Recommendations
Trends in the estimated proportion of US adults meeting recommended cut points for foods and nutrients also were evaluated ( Figure 2 ). No significant change was observed for the estimated percentage of US adults consuming the recommended amounts of total fruits and vegetables, processed meat, or sodium. Significant increases were observed for US adults meeting the recommended cut points for whole grains; fish and shellfish; sugar-sweetened beverages; nuts, seeds, and legumes; and saturated fat. The proportion of adults meeting the recommended intake for added sugars and fiber also increased.
Sensitivity Analyses Adjusting for Demographic Changes
The findings for most dietary components were not materially altered by adjustment for changes in age and racial/ ethnic composition over time (eTable 4 in the Supplement). One exception was fish and shellfish, in which the observed increased intake was partly attenuated (by 24%) after accounting for demographic changes. For a few foods, the observed 6.8 (6.6-6.9) 6.5 (6.1-6.8) 6.7 (6.5-6.9) 6.6 (6.4-6.9) 6.7 (6.4-6.9)
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Diet Quality by Primary and Secondary Scores
Weighted % (95% CI) .04 a All dietary variables were adjusted for energy to 2000 kcal/d using the residual method prior to analysis. Each AHA consumption target was evaluated based on a continuous scoring system. Intake of each dietary component was scored from 0 to 10 (beneficial components) and from 10 to 0 (harmful components). For beneficial dietary components, individuals with zero intake received the lowest score (0). For harmful dietary components, the lowest score (0) was assigned to a higher level approximately equivalent to the 80th to 90th percentile of intake among US adults and rounded to a practical value (eg, 4500 mg/d of sodium, one 50-g serving/d of processed meat, two 8-oz servings/d of sugar-sweetened beverages, and 15% energy of saturated fat). Intermediate dietary intake was scored linearly between 0 and 10. For example, an adult consuming 3000 mg/d of sodium would receive 5 sodium points (ie, his or her sodium consumption was halfway between 1500 mg/d and the maximum value of 4500 mg/d).
b
The primary total diet score is the sum of the scores for the 5 dietary components included in the primary score. The secondary total diet score is the sum of the scores for all 8 components included in the primary and secondary scores. c According to the AHA 2020 Goals, up to 3 c/wk (0.42 c/d) of starchy vegetables (eg, potatoes, peas, corn) could be included; this maximum was incorporated into the analysis, with higher intake not contributing toward the score. Consumption of 100% fruit juice could also be included; however, its contribution was not capped in the original AHA 2020 Goals and not in our score. Some organizations recommend no more than 1 serving/d of 100% fruit juice. d For each continuous score, cut points were defined to correspond to the AHA binary dietary component scoring system. Poor was defined as being less than 40% adherent (<20 points for primary and <32 points for secondary). Intermediate was defined as adherence of 40% to 79.9% (20-39.9 points for primary and 32-63.9
points for secondary). Ideal was defined as 80% adherence or greater (Ն40 points for primary and Ն64 points for secondary). 8
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Diet Trends Among US Adults, 1999-2012 trends were strengthened after adjustment for demographic changes; examples include total dairy (increase of 38.1%) and cheese (increase of 17.5%).
Disparities in Trends According to Population Subgroups
Trends for the AHA diet scores by age, sex, race/ethnicity, education level, and income level appear in eTable 5 in the Supple-ment. Significant increases were observed among all ages and both sexes, but with persistent comparative differences by age, with older ages having healthier diets. By race/ethnicity, dietary improvements were most notable among non-Hispanic white adults (P < .001 for trend), with more modest improvements among non-Hispanic black adults (P = .05 for trend) and no significant change among Mexican American adults (P = .30 Other key nutrients of interest for trend). Even though diet scores tended to improve across all income and education levels, disparities present in earlier years widened over time (ie, smaller overall improvements were seen in those with lower levels of family income [P = .03 for interaction] and lower education levels [P = .03 for interaction]).
In the evaluation of the estimated proportions of US adults with poor, intermediate, or ideal diet scores, improvements were seen in each population subgroup, but with differences in disparities over time ( Table 4 and eTable 6 in the Supplement). For example, among 20-to 34-year-olds, the proportion with intermediate diets (40%-79.9% adherence or 20-39.9 points) increased from 29.2% in 2003-2004 to 42.9% in 2011-2012. Among adults aged 65 years or older, the corresponding change was 63.6% to 68.4%, reflecting smaller relative improvements but still higher diet scores in 2011-2012. Similar findings were seen by sex, race/ethnicity, and education level. In contrast, disparities by income worsened over time (P = .046 for interaction), with larger relative and absolute improvements among US adults with higher vs lower levels of income.
Trends in individual food groups and nutrients by age, sex, race/ethnicity, education level, and income level appear in eTables 7-11 and eFigures 5-6 in the Supplement. Among the individual components of the diet scores, certain disparities in trends over time were identified. For instance, increases in nuts and seeds were highly dependent on education (P < .001 for interaction); among those with less than a high school education, there was no significant change, whereas among those with a higher level of education, there were progressively larger increases. These disparities were also present by income level (eTable 11). Trends in consumption of whole fruit and 100% fruit juice varied by income level (P < .05 for interaction for each). The largest increases in intake of whole fruit and declines in 100% fruit juice were found among those with higher incomes.
For many other foods and nutrients, trends over time were generally similar by age, race/ethnicity, education level, and income level, including for total vegetables, whole grains, unprocessed red meat, and milk (eTables 7-11 in the Supplement). For total vegetables, whole grains, unprocessed red meat, and milk, consumption remained higher over time among adults with higher vs lower socioeconomic status and among non-Hispanic white adults vs non-Hispanic black or Mexican American adults.
For other components, heterogeneity in trends was observed. Refined grain consumption decreased by 0.33 servings/d among non-Hispanic white adults and by 0.28 servings/d among non-Hispanic black adults, but increased by 0.76 servings/d among Mexican American adults (P < .001 for interaction; eFigures 5-6 and eTable 9 in the Supplement). Sodium intake did not significantly change among non-Hispanic white adults, but increased among non-Hispanic black adults and especially Mexican American adults (P = .01 for interaction). Seafood omega-3 fat consumption did not significantly change among non-Hispanic white and Mexican American adults, but decreased among non-Hispanic black adults (P < .001 for interaction). Intake of white potatoes decreased among non-Hispanic white and Mexican American adults, but increased among non-Hispanic black adults (P = .002 for interaction).
Discussion
Based on nationally representative self-reported dietary data collected between 1999-2000 and 2011-2012, many aspects of the US diet improved. Evaluating a summary AHA continuous diet score, the mean score improved by 11.6%, the estimated proportion of US adults with poor quality diets decreased from 55.9% to 45.6%, and the proportion with intermediate quality diets increased from 43.5% to 52.9%. The percentage with ideal diets increased but remained low (0.7% to 1.5%). For the primary AHA diet score, these changes were largely attributable to increased consumption of whole grains and declining consumption of sugar-sweetened beverages. For the secondary AHA diet score, further improvements were attributable to increased intake of nuts, seeds, and legumes (due to increases in nuts and seeds but not legumes). No significant change was observed for consumption of total fruits and vegetables, processed meat, or sodium.
Other noteworthy changes included increased consumption of whole fruit and yogurt and decreased consumption of white potatoes, refined grains, and 100% fruit juice. Consistent with these trends, US adults increased intake of dietary fiber, calcium, protein, total polyunsaturated fat, and plant omega-3 fat, while reducing intake of added sugars and total carbohydrate. In comparison, changes in consumption of unprocessed red meat and legumes were not evident. To the best of our knowledge, these findings represent the most comprehensive evaluation of contemporary trends in multiple relevant dietary habits among US adults.
Despite observed improvements, small percentages of the sample of US adults reported attaining recommended levels of most dietary components according to AHA 2020 or the US Dietary Guidelines. For example, by 2011-2012, only 7.9% reported consuming recommended amounts of total fruits and vegetables; 11.6% for fish and shellfish; 11.6% for total nuts, seeds, and legumes; and 1.6% for whole grains. Only 1.6% consumed less than 2300 mg/d of sodium and the proportion consuming less than 1500 mg/d could not be reliably estimated. In comparison, with recent national declines in sugarsweetened beverages, 43% of adults were at or below recommended levels of consumption.
Estimation of the effect of these dietary changes on health, in particular chronic diseases, was beyond the scope of this investigation. With some key exceptions (eg, polyunsaturated fats, trans fats, sodium, potassium), the evidence linking isolated nutrients to chronic disease outcomes is relatively weak. In comparison, the evidence linking certain foods and foodbased diet patterns to chronic disease outcomes is more robust, with supportive and consistent evidence from not only prospective cohort studies, but also trials of physiological risk factors, trials of body weight, and trials of clinical disease outcomes. 31 Ecologically, the dietary improvements documented herein coincide with continued nationwide reductions, unrelated to drug treatment, in levels of high blood pressure, dyslipidemia, and cardiovascular mortality 11, 32 as well as the potential plateauing of obesity. Our findings suggest that modest dietary changes, across the entire population, may be 
